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M \TF.MEN"| VS rOHICHTS iO INVENTIONS MADS I NDER 

! - .iV.O'in-V. N s \ * > i X ..U\i-:Vl < \ < Ob <• > * \U! > t> 

H v * w X * , _ O ' t n » 

< i I v > " * ' ^ v. f ! $1 

invention, 

! i ) v s < ! i ! „ u > t . t h 

1SU K^.liOi SPOi nil \HO\ 

* ! membranes are bnanadves generally impermeable to ionic species, 
* "k- i -i - a ! v . ^ < < i ! > - \ «. aP\ 

0 Oki h Ms ^ a o! ! (.< v. <m»« - hie to 

Co m Hi \ f baa c i ; m< on Hm V'nk s aed So * 

channel i i < s s i.i ,0' aca 1 To:rr- i >ui 5 \» v \W 

> ^>0)) Po j { , .uh,x s J > <■ ' ail'iM', 111 » ,v S i, 

\ u u ' vohage-gaied channels- <<. membrane bound glycoiaylsted proteins formed 
of many snbunhs. Large a subumts form a pore fa the membrane that is selective for 
a given ionk species. Each >< ! >o s contains tour dormam (b H lib and IV). Each 
m m v domed; has six pnmbve Osamn Cochrane helical segments (S r 8,j, in x u-\ 

> l ^ IS' » v. ' 1 } , v \ > X 1 ^ i u 

struetm i\ cancers a o j certain s da ge I man tan vb ii d mah a e bighi) 
conserved among vomoga-gased ion channels {.Ian et ah. .supra:. hafhana a. ai.. Nature': 

mm so . .^m t pmmo 

Differences in charged residues between groigm of id ion channels 
confer properde:; eaiqoe m each snbgroup. such aa ma seiecuvby. for c\ mpb most 

-V h ) v S . ^ ^ . t ' ! ■> l. v lit 

a v'! v ;\a\ a a .< . sat .'fi,: no\ ! i 

residues iound at siudba bcatmns in each of the domains (Yang et aL Varna Job. 
158-61 (1993)}. 

V ! » x ■< . > 1 n < tUce 

^i'^s ) v a . . a m - x j > 

, xXiai ~i - x s \ b i , , x v , a i v v 

s i s S ' \ i ^ i 1 5 - p f 
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- r\ t n i , n - , s , * >x> xx s 

v. t\ Nt^ v^s<* s , . s ,5s< < ss> X . M > N ~ „ 

\;x uku'aw, c * > > „ ; \ c xa ex < 

aeuvakon kuxxks. nvackvakoa kinetics, tail current kkxxaivaknn kineiit. s and single 

1 v. V | v. >1 u i 

cnrnent k aha? acta, kkaaky short (Chen et at, k kkx. PhyshL, 96, 603-30 ( J 99kf'>). 
and si exhibit ehaaielcrnaxaky slow ackvakoo ka > a oear tareshdeh fas; 
u a 1 v > katekas, and slow tas; current (Raakak el aL kkarn??k : a;Vi-a:3co;k n.k 
r>}*?M uKtw' v * I'ikk'V \n ( c >1 V,. 

443-46 H 985)). 

( rich n" , ik M Vt , a! okx : nx , I t > < ,i . i 

Hiucin-u, \ -\ ,-\ sex I - ! aye s > n a ' son ^a vaaaeo x a exksu ^ , on k>. i 

X s ^ < ' i . s X N S o i < n ^ i H 

' * x Je a a. « V s ^ eaiuan; cniteai a .a » > < a $ > it t > Jt a 

' ' >< 1 > < S J V <' si t V V 6 K t t 

c Ro> is v iii x t ! s i i a,;> e>a , 

"Hi./- V < , a s iv h ^ i \ , | lU s \v <( J lv»v 

fX A 1 i S ] \ j 1 s ! i< » i | V 

N » i 1 ! fx >k is i wn< ne keen ^ * 1 df< r igs 
(e.g., f >tiif k which > bind with aakkleoky high > a \ to serve as a I >d i 

!H i s ^ «. a a i ■> i i ! v s. tut a v ! ! 

«. x t < t < u u s t , t > ksn< . t n v v e; s 5 t a i a. 
e.g., U.S. Patents 5,429.92 i and 5.386,025); 

VMM*, many .:lsctrophys;ologieai characterises , M'.vu^/n exrrenls are 

kv-u nc am>! <k i - \ v , v y o v f < K. 

a ,v \ >. ,1s >x n{ , . a «v . as a^ i ^ '! 

s ^ 1 f ! s > x v k > f x x > n $ > cha 

i s > i } a - > 1 a v j o 

- s - Os-kiOi <. - ik haniukarxi at inn a>e eik t x d V> 

t N ^ s k 

v a n s ) mi a x ' i j ms> is aex. 

> ^ ... ,r >i - sn tt t au 
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a; at x > s kka ' s si anae xl j 
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m purified antibody molecule recognizing » epitope or a T-type eaiemm 
channel pfoieln. 

The present invention ;3 usebb hn exploring . < s > <m 
sV u< oaee o;t,d w .o.oi - ^ v in 

development oibbucv for pomnbadag or arienuahng Toype calebim channels. Thnsa 
vd N e\eo t > i ^ ! 

drug and then > <s < the eakimo tow v response to a change in membrane 
n eu leu \m $ ,m s , «■ i { d,e n m? > , 

^ ) k ! s v. s. ! > > <. $m 

* t 0 ON i ! ^ ; 1 <, < 

The invention ears besi be nndersmod vhth reference u~:> the accompanying 
J$\mn m n b^m , 0 -Jv pace „i me p ! <• n, 

BRIEF DESCRIPTION OF THE DRAWINGS 
b».ifoi\ i» t i!M, >< < m a>< v v m >e < m n > 1 a cUee m 
T~mpe calcium deemed ; o 1 G (or ? T, 1 i g o i H (or i < T go. and all ior Cadi 3)b 
UtCiUf ;um i i m , ionuin> 

1 igurc ; 2A 2D are graph c rep ese nations of the currcni s rcbauonships 
oldhree cloned T-eype calcium channels (Figures 2 A. 2.B, arm 2C) and a cloned 

\ vj\ f 

1 ignre >A v. * ... u>a,t enrm im 

< 'once is"<. m 1 nt m< K< s 1 \ ^ < ! t i'^ i 1 m <2<.m 

" > < <■ e > i ! m < v. i s 

non-napeed conductance of a cloned I'-ryge cTciorn channel ai ihree dilfcnerg 
eoocvonao^i • *>> U n 1 

X > v . - \ ' S < < < > , v 

. i t \ v a u * > So uie- 1 

and a cloned ibiype osmium channel oblied - 1 es, 

1 t o ,w ad i 

n xm < ? < t . • n * v < 1 <m vK p>eo t) e 

ion came vol? c whips wid - « rj ! 

* ^* x * v v < v. , s >e\ n 

mihoi is be 



1)1 M RlfllONO! ml H VTSi 

incrn,- nn lim provides a m ad ■ bs n nsckie acid 
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Mil i ! 1 nucleic acid car; be of any type, and k can include other element** aside 

tu it i - t 5 v v K i i ! ) OF 

v> n>f t m v i > \ 

V ' X ~ V ' \ I \ v <- f < i 

t s * H v I > i <t 

m to } adenosine as i s x s * <. 

I > X \ V. v. ^ S * 

M {> >n\ K the f { k : ' : <- ^ ancoXsug shr ; :•. ; • ckc t ' in, : : 'C- 
an RNA such » t u besenhed above. For exarnpha e DNA naekie aeki of the 
pteseri >i\o t ^ * ? ' v c^ 

stack-ie acid can be any rgpe of nucleic acid, the noekae acid preferably comprises a 
i D\ \ \ t. x \ \ si bt s > s « \ teed a i Lav ut r [ e n t n 

1 o n ■> iu > e v p < v I > ' 4 v 5 U i t 

which tee nucleic add . to he expressed. Teas, lor impression in bacterial cells, < x 
t » < ) < a a e ,\ are bacterial promoters. Similarly, < expression in if a 1 . 
b * iv 1 ^ v t i \ kX k t t. I i>- i 

v > > ' af- iX>\%o a ox. an v s vs s ( k e>ot,a 

i a 1 i i u> a a U v 1 M * ! v t me 5 

i t i i !■> h )ii i ! ' 

M K i it \ \ \ ) j m S > \ i I s - S is > VI 

(Rb\ t r m \! t i s \ < t ao » s m OniT-^Mbk 

n «. ^o iv x<> , sets v v i op 1 

regulatory elements), constmohveiy active promoters s c do? a- v^n promoter, em), 
s x s k t >< ^ \ a ' > 

kt dS it. , i < > V t. ( t. < ft s d U-s i 

u i' hsaoe, tissue of the digestive organs (e.g., ceils oidhe esopbagns, m t f 

5 , )U , Ot , O ' * i 1c i t s \ isv i! i 

i!> f i it - v i V IV V i < V N K\X » 

x t v a xx . v ' v vs < t v v s * b(ve li'icn 

^! i > i t O v . •> VV K t 

! v t it xi j, (. } 

xt v v ^ ^ S ' t > v v 

1 k 5Hul i i* n a v f v x <, v ( i 1 s e i e> 

n ! £ t v el . t ! ! t v^s i eiun 

i i - - > iv. t. \ a v oss 

je ! - o •! t > u o \ tv v a > - 

'b -t>r\ edursfek :s a i> pe otAobace- eac J ion dirof dxn dxiinaaes the bu\ xxas 
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i , v< <: pO 0 h ,C tCO' 

experiences . flight \t Thus, a i eakium channel cars begin > > gate 

fixmi aboiu -60 o ,1 i -3 m\ < * s ^ a ( 

n \? B s \4s " v. \ < „ . 

5 d \a \ t > < f „. Ob I i v > 

jum > ' ^ i < ■<■ v \ * o v • v rax to 

about 10 ma (e.g., from about 4 > to about ? ras. seed as shorn b < following 

n i > \ H i ' a H littt Is |A v »f V > x » 

solution with a 8<r" concentration of Horn about SO mhi to about 40 mM. Another 
10 defining characteristic of T-type calcium channels |s that they exhibit .small single 
channel co.ndueta.nce. Thus, for example, a 1 -type channel exhibits a Single channel 

SUP » S N > >^ > >. W t. I X » 

about tM M. 

/J 1 f\ a t i i 5 t - - i a - i > > 

mwies .01 w nan W .an I -ope ..aknuo channel h o see .a k at on.' -a the 
i*i oi^n ! , i lv s u } < <. MiVu a, One a 

v> I a i a ! \j> i >n < f'U -at a< t e«. i \hc 

at d > u k \ ' xooe.i at the cat aa o; evaeple :l t a - < < d , s eneeab at > 
2b t v i t Si s i » ] 

o 1 a a-! <.h aa J - any p*oLor >nracoac aba.- a asmui'o \.eh Once othct 

f o m t a \- . , a t w \ I a <. v , ^ ' i 

v h \ x ! \ t u ,s uk\ x * a in . - tut. 

t > t v * " P K<, 5 A 

25 t s < - ! >. ih . i 

N v ' X s X > i L \ 0*> 

! - h Weraw ,on ra > I .he tekwe e> 

linked by polypeptide sequences other than those sequences Unking the domains in the 
30 native protein (e.g.. non-native poivglutamate linkages). Indeed, the domains 

themselves can include non-native linkages between membrane-spanning elements 

x id m enco ie 

chimeric calcium channel domain (or aa enbre cbaaaal) coaiprisaig a pana.a> of a T- 
type cakiuni channel and a portion deri ved irons another caiaaro ciiara'tcl (or other 
id - " s v s a , , ! -< >v>m sC ^ otdomuw on I 

type i ikK responsible lor low voltage gating and poruons of domains on odier 
1 - v.vp> v ^ v. ! K M I n 

c- . x- x a v f e ^ \ t i oh^vJ ewa* 
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\ t\-H\ ,UV U X X " X C I ' CC < 5 X ~ X X xd V'lil, < 

type chatsnei ine„ a T-oype channel protein eonp>ns;na lour fsracdona) x i > *\) li 
has been discovered thai at teasi three genes encsxdog T-oype calcium channels exist 
a rnans *t C H n „p . h <■ id s U tea- ( S . « Ki 

aaerrnne splicing of these IsolonriS exist ^ > t N of ! ansmo , sequences of 
Ml - t o ^ s x ■, i <n i. 

! x ulhs^u cc-0 v M\ V <• < > i apt > m 

,vu 1 s. ooues n,e.> x v <x ' i, » , v. es v o 

ealeinm channel can vary from done lisiecc and h is nadon the acne of the an to 

l ^ V > « X x V X i- ' X * l V V V >• u 

the ntotein, 5 o •<, for . < x i ^ assays, n may be dessrable to 

mud t ^ < \ t < ! t. i s , t , 

aoetiu-oa or dcieo--na v. a a Oe . , nntcxW on end a dv an \ - <« - ad>-\p --scoo tn« o 

1 k i i l ' t > H ! <. \ } t On 

- io.tsood >K \ i! povf:c 1 sale n. ensnev, a r.-oe ou-nn sen. \och 
na ata i ^ a 1 o » \ 

Rowo en »n noma ippld an sou t>> deeoe.os. ,n u;do edoi kha.nkat. dv cha oes> 
a>h\'i e>( i i < \ \K> nc - 0 in 

v ) > t 1! f \ ! > I. ! ! Oj N ?U< 

x. unsad Un o * s x » oh us no 1 * v a \ u\ * k pi < n t > a < < k.h 
as those described above. 

' x i t i< \ > ! , t H'i ! t t'K 

v 1 v\ a I'nvpe eaieutns channel can hndode aohsdna;oos of amino > J i > t 
<. . N o ,s'n,, x shv s 1 

Noo-Oiodun ia ^itlar: i racndnan ananrana .'ey . - motion b o«*sejvati\.e 

Cv Mnn Vl )*,n n > s „ < < oi,o ^k ,sdlO 

valy anbs t s ^ * ^gauvely-jrhar ;en 

< ! ! o v ,o ' , Cvh Jn 

f ! » ! P -■ ! N O'v , ! > , i < 

»S !|, i i polar renidoes; and oeuusd ocopnlar residnes (A- Id h h, M P.- \ and W 
v <. ! < . P . .ti 1 any 

' n 'a „ n< v ! <H 5i Cf ftt 

N s s n \ u to , nt 

1 i lVS4do:n a in each the exe.mp ) pynocaicn >i channel a sobunit 

< n i. "> \ S t \ ! ' s n N ! N ! K ' ! 

« ' S 5 x- t , f kx.it 

< i X V ^ N ■> I N »' ! S ! x 
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t . n \ (MT Xi \ ^ , - 1 U 

Mo ui , scin of me pnoaon invention encoding all or a pari of a T-type 

Mlivk v. is i > X < h 

x Os.i If U ) t v. ' 

SO^Oi. 0i t 1 5 i < < i VO> nCO t i 
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(eos, GersbiOik) iu locate taecicac o; amino acid sequences rcprcycotina a portion of a 
Tdype oom channel protein or W-\ acid I L^- .\ . : . aach databases «um no 
se-jneu-. c t-.M a on I den : io ,ee- seqise?ov is 

eh; ana! H>nh methods .osteon that I «>pt c.acuan channel , share sulheietn. 

x > l ! v I ! O v 1 

.wi-^o^iJs , - i of>v< v V lll( t UMsepie^rt 

> t s sv i - a i , ^ cnOn " ! v ! ^ o t t> ^n j 

v 1'1't < > I i^o t >* i . i t J«iU> 

^VUYaair » n\ 1 j v 1 { ! <V> H> > ^ 'K OUD! 

a"i tv > i owl - o' 

She researcher. 

bp i^k' l os , ^tvrtnr.H.to t h , , j , no i d 

< k t presenthsg conserved reeiesvs and domains, the present a % , nu<>f great !y 
5,5 , Lm^Ui i iM v ' -uo , ^ aJoiuiiuho 

v < < v ,o \ j - a- , * s < > < 

osooessen above can be enpboyed to isolate other merabers of this genes, preferably, a 
nucleic acid encoding a T-type calcium channel ;s isolated by profane a genetic library 
as < •> < x \ < , ^ f , > . a t at-ed h> 

' , s I s present invention pi 1 i 

nt - < d of the p esc u scno i 

em ihas.tm cxanip a th, 

1 1 , . s x 1 , , < < ( S i , j 

jolynuelcotidv > i > \ > r 

v . } I <- - , ! O , > 
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0 ik noo cbaonoi o m be ■ rapbved ,o „ o, J < a. .ea a acacia hbanv an.l -iu h 
■Krcdimc v.,ij: he o^aa>a!pi rosea h> iaae ■ e aatoa aa.* re or. in iho : . : Wbde the 
probe can a ■» j , ■> aav portion of sach r s \. s * ' i *x. t ..a u 

* ^ >< v< *. ; vs v. s n ,r 

^0 \ v > V V ' ! v. S V. j ^ 1 S \. \ 

op tora o U'' >vV\vr \o ' N I < v 1 <. i 

l V Ov 5 < j. s ^. I v k 

m a „v«io ^ „ w a v ? i ! ( > i h.i-Mo.1 

v if e* o v > , s * 1 c )i «iJ 

ihepaMfntJiors,n those ^rms t tu'*\c hix.^cJ ::M ce ce„ . Vakauk ct ak 
N tu I l.abos V « v I 4 - ( s 1989 

1 i ' I 1 > > I I t I M i 

3 * ' O 1 >vj u ! m » _< i , ' <f> iOi h ^ ,\ 

! S ' v. f . < ^ 1 O ' , >> S ! . > > 1 10 

stnnrrenc> ara aval avieaak taac im peency 

"isvu { v L!.v> i v .i.^ii Is j tv a 1 < i w I < kkfbe 

> j!ovOo> o ".Kt'su.u- i k s < m v, \, I t. <■ f\ ixU 
b vv.i o v u! a a oS \ x < a i - 1 v > ot be 

! v 'upc n ^ v „ l ,'^hof v. t k k « a,!, 

1 v \e I 5 ' ov ') it s 
sob' encodes eyp^ ti i>arJ>> s a j » > v lt u t Sad? a 

so > can be cloned to be operably baked u* MOobk regulatory eloteeats as 

i t > i <.K < 

v - O v v. V ' > 1 . i * 9 f (.'S x t 

tbi ^ s - i ;o; cm ><u | - \ v. 

eaJ turn channels Pes % <.s 5 , C rco; 

Howe> i i . ated u\ m h J r i bst n*M\y puri te ! n t leir u o > K 
presoni •nvcotton is oseieL in pari, tor produeirta oil or a portion of a T~type cab. mm 

s - v \ i s * „ o , ' ^ i 1 O'^'Auis; (s 

v r vs , .s'bs'\ v <, » > >U si c 

! x <- vt <. ! >o 

V \ vO > Uv. V ! i - - V 1 - ! S - < -1 1 ^ S! A ^ f <o 

*. » - ' IK > ptese, v mo- t K^s 

arty n \ sum as a recombinant protein or so isolated or substaoiisliy purified 
pto v ) ;ivJae:lop ad or . - x tou a I |VwMo )vn ur < poaom do ^ 
from - \ ~\yp< calcium channel 
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For expt^ssion in a living sell the nucleic f fTUisr be ^ * ,<■ the ceil. 

\S > v i> K \ >s ! >. t v N ! 0 A'H * -v\ \ t*K 

preset ^ ' <„ - v v H <- o 

Pk (JIK L \ X \ X< ' N ! Wi v. v. V 

n<> 0 Sns v \ » v i > % 

X , S , Ov lu ' \ X s K N \ < . v\ 

I pvXv V *\ * v v v N V \ I , - * 1 O » 

1UM *,,\)^ ^ > X s 04 iwLfW W.a.N 

»B ' 0 .! >v (V 'M V <> Nil * V <<< t d " '\ 

S'i-m tsi \ - o i i f H i s < ; > . v Ml /Vo Vi)» i h 

dv t>$ I \* i ^ v i v f v Xl> s 

0 ft i< >' ! ' ^ - f ^ ' i u n 

1 h \s \ - „ \ 1 » i n ' \> ->v it d <fU 

The vector.* > ue pre\em imenuon t Vu i s < ><. t a }l i Jok skuJ 
odii J I i-5 si Ui ? ? IJ' i a m at jo.*ctl v hu\ UK 

pfevm x i. wdou lOHhnlHhc u 1 ibepo » i<ou 

I > I "~ «. 1 < O - if s £ ! - iii ! ' . t < s > 1 1! J v. .K-jJ 

it ^ t. >x { s v (' ! i! Hfh v > I'i «»H K i I v. W «< 

0r;f<V»'w e j p Vll < ! Sv " X ' i i Jiit?n$ <\ 

onn>rre> v< * p x. If , I I ' < v > o nan^thai 

! i : \ i < lot * 

I ' , v. < < 1 I ^ ( if 

preferred, as ihey aa-. largo arid readdy handled. 

t > ■> <t 1 t v O « i 1 " <,!^ ^.flvl'iVxv! 

lype a«d vsdios envpioyed. ! r e:nd)odH!HriU : ;he vecior <:35"; be used ig prenaixe <i0 
u n\ « ip - > .»« . i. , < vs\^f Ut s < \ >vWi U tEW( t vt. 

0 N - ' U ' " *,\ <■ i ! ! 

\ni v !v v. an \ \ n 

1>\ > ^ < i w , t . i < » f t 5 f or 

exanxpi, ; > f s > , c - , t < < > , 

cxi\s i .ftu.!nov*maUc^nont of ^.v v ;naierial in die ceil » > case wdh many 

on s ; s s n v w\ < f on v v i 

1 <> no omaiDNA ol \ t i >si - e 

PreiVrabl>, u cell mu> xUue: ;he iKio ie-d i - iKxiuced ss s o able so 
CV'XKsii rjuele , < s s,' 0 ' 1 i< v sn i of vKt 

1U sv f. U v. ^ t i ^ f s, r V' ^ M N^X fx 
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channel ndbNA. such as via Northern hybridisation analysis. ax ska * s f( , etc. 

N O s < <. v. >. s s v. V ! *> >S . h 

IS < ' < . »i i I V 5 

1 U k , v O J - 0' v. \ X ^ 

probing cellular v v with an snbhody reecagaiama tha ^ u (sag,, <n a Western 
blot eku). 

contributes to the ibnnahon of a functional calcium channel. Where the protein 

vauv-.b- < «i\t\ . v > i pi v , , ^ s a v i an ot We 

et \ ! t v , i v J \ l 
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v.' v. >us \j „ ^ i i ( t. m s y>m \ 

! < o \ i ^ ! I i tvs^ < u > h h h i 

as ju t «v>-> . s;esm t Oi o , v ol h i i x. can be e n < I o j x 
i k > ' > nx s i.h t >s \ 1 1 v JvXiK 'k^ ted 

t »\i Mna> i,iva )|>ai> |i ^ > It „ s-aem kxt >s.C,nd 
mm* vhw tak i Be? \ >\ *t a / Phunnth - ! I ?p Vh 1 :« ~ -SO ( ; 09?}) 
Alternatively, the activity of single channels can be measured, such as with a standard 
depoluri/ap: I > and - o sNirnoax p.axerda at Pa. J . pp. 1 83-4 > 

i ! v > However measured.; properties of ceik into which the putative nucleic 
acid n; munduaed arc compared to the channel conductance, voltage dependency. 
aePvaPon klnepcu axaeuvaPoii Ptnaticx-. or 1 current known tor T~ryr>e channels and 

S ' V \ ^ X <, V > > < > < 



Uii » tin protocols result in a population < i ut a essentially of such 
e< P tmrsomxW made ; ^ caee 'Cx ii sovenmeu < 

V * ' 1 t < s IS * V >X> . 

i , v > N . ,ai o! >x s , , > > , 

a\m> t ! C to ' v H tc\^x i% - ; \ . x le^St UOxxtit 4^ 

-<<l t ^ < x . x f s> is f i V 

conianx ^ ! ~ ' 5 ' ! frk pate the e vk 



n 

^vKa' "vu\m e \ - . . „ <. 

stably integrated r,e the d-troraosomes of such cells. Thus, me eel! Hue can propagate 
U e Hk k v t v i > n 

21' passages (eg,, at leas* about 25 passages, or even snored 

OS V, O < v i \ 

further studied. In s regard. the present indention provides a method of i v. i ef 
a drag winch adders havoc Ai > ehareseis. The nieliax; iavoives -. n > a 

drug i itua,-.. » I h b <i„ M , I i , pre u b w eubalcdau 
3K in response to a change in mernbrane potential is assayed. \ such assay can be 

employed vvbhin Pre context of the present rnventa>a. -e.g., using iabde dyes, 

radioisotopes (e.g.. "dTp. recording idectrophyskdogtcai changes in the rnenboarte, 
k «. U Hi i\ \ t »di v 

! ^ a x' \ k <, < - n t ' \ v 1 1 K < i m •» 

i-ov be deou u «J ^ v, - Pk'v ^ - t. ■ i m ua ft aifi i at 

known to Loose of skill m the an (e.g . indo- 1 K I oca after tpc cells arc apposed a* 5 

tnd a d eg md ih< reaction o ! e hvde clyr. is conipa d > cootro cells "5 sing t 

- i . < , \K a high 

t ' nugl f - sa ^ puPPOt. esu*. . kkklao I vhe uU\ ! i e ... up e, lac untied 
< ! o ^ ' ' x 1 i s > i v. ! In ! v a; be 

x ■> e v x ' Mix.nkn 

drug. 

< f n t ^ t\ <, < x n' v vi-r v > >l U >d 

(e.g.. single channel conductance, voletgc dependency, aebvsbon kaaeucp 

n.diMKN vodka < i ♦ t v a, s v oc > a ndetnn 

Generalise rise ebect of the pntahve drug on Toype calcium currents is assessed by 
measunng t < various eleeirophysuhogieal parameters it; the presence oi various 
eono> ntrotv'i n no Jo ev na aV'-oe.!. t aso -oaaoa, -a a s at 
^ v on u*US m i v an \s 

i - X l < « ! , u < 

) S i s i j ! dCk kk 

cCiee e i ^' * v.,. , i o - ,<n a- p:cn iiko i^-d-< 

vtv* M i it d: O^o n\, v b^eeno ee ] o> en >dtaousi a\:o the assay 
t ! v \ < - t ! > k v < s. a a . i N N - - n 



Vs. o m 2 i% > P< r;US9H/23i« i 

12 

4-,' a-a; MVWi^ll; *^ t ^ u s ! u i i 1 * U' 

VOC v - , 0 V : < ' >v > o 

if < " v < \ , S 

\ s. % ! v. i "> J ~ N V 

rnentaamt several neurological and anoouks- diseases or disorders have nopkeated 

I ( v ' ! , v < X < X l >Oi Ob I ^ 

present ^> > bois., provides a nsphod oihraatkip a disease or disorder u ! 

\ o ^ ^ f * •, I 1 v. 

VvOh< > i-!\iVi i v << id !i tO 

cede of a v-a in vsi b %e a p.^ < i <k « v ' V d * Jkoi Tho. for 

' ' , S , X) d if 5 

X> UN,. ^ , N > * K, i ,. 0 l'\ 

1 \ - V > ' N i S S « t 

at ou< «o i. s i a>> , * >> > v, ^ v v< K i uiiiU 

s< oi,e ^ to ! oo ! o\ e i< >h i h t N si i i a 

s - > in a . »a * ^ i o t ,> , 0i 

^ ^ )' v i nMo <t i<i >«. U s.v d * vll Ine 

I i i ) < <. t X t I i ,* M ' H'X 

cakiuoi knaenei acnes x > u • o i ' p v < s <, a.K\ \ 1 a foe > J Ihus. 
pat. v ihi i i v , , \ ) a ^ n vot > 

\ » vil' Ui 

l-f\f> ci > oxehok ope ^h, ^ mods. d< vfmsoi 

ucn eh.nu >ra, , •> ii.it nek eh: i can H 



n t ! a \\i>vNi \< u l i <n v.< . j | uOn 

i aa t > s 1 ; \uint \ ro 

standard sriethodoioaias n bisoornopreeipitadon), Moreover., depending on tho 

i t , f v. <. < i , ,i t , ij I 

antibodies can bo used to affect the channel proteins present oo the surface of cells, 

^ < v , i v , o t v ) k v > »c?n\ n 

sun? > ap. n ch in j ^ wvU - > t ~en;r : , 

" >O lft t liiv' 

sveli known he art. Thus, for exanij N i j t >n 1 

mi so? obtained from mnocniatod anntnns. Akermtnveiy. the antibody tnoiaeuies can 

be monoclonal antibodies obtained hem a cod line u a hybridoma eel] line). Thus, 
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the present Invention pro vide a-ei ansa;h prodee*. teh anybodies Seash&eel can 
tx • < ,» <r «w us v < v ?. < <v v tl : ■ ^ H tt** 1 

esofohva^ v „ f c v-iv-a i - , - • 5 ! , ^ -. . . o s- 

^ s . * v „ > f ^ i« j ^ (J ue 

dnoswienaobon as T-r.ype esfohno channel < safombs. These ir are included 
here o purely PlasPabve purposes; as socio ihey are no! > be eoose'oed so as to tt^it 
the scope of any sspec; of the invention 

Mj$' > . 5? .. s u auv.. .ooukU 



deserve specific dewnpnon, Thus, for asarrade, la vh'ro iransiabon aod expresses! 

' " H^M< I n f e v e ! V * i V < lx 

(Bems! etat, J. Bh&rmac&l Exp. Thar 2B2 172-80 (1 09?)}. fa express prolemss 10 
> 30 ng v l pp d aR\\\ m u > v>« «. ' f n fo nonces m a v< Hi d h) 

! <. «. . <. ! k <■ < i <. <\ V *Od 

Ki 'ult n H 0 O to x p 

s i ^t'v < ot i \ ^ v t an < 

p . sd t \ \ > ; FUi*f*»K<>? Fx •> ^»« ^ " N 8JM«^~)i 

The standard bain solution contained the following: 40 mM BaiOHp. 50 mM NaOH, 
! soM kOH, 0 1 tiAl id > I A, sen ^ n M id Pi < afoo.od ^ f>H " I \uth 
> Kto > > _ V % , > V s 5 fo t i x\ t s 

Uih-i » eu p - .n • >; ' > , \ < i > ■■ eo ' i i x- fo foed * on c; al - ' fo- v >.' 

<< <> > > " 4> : < ! ' > % - ojo\ x- \t { | 

O < v v «. ( - \,f K i i <. * i 

on P 1 .\M;fo->vo liUv I/,. Oe <o < i 

pfJPAMF sod wore, Boltosnao Ids sod onosr regression were lo a- osing Prism. 

EXAMPI.i: I 

This \ ft ■> w < s a.-, p.c ei- s ^ •dnoe.o^ ! s < , t 5 e ' f - 
caieinn-s eiuvaiels, 

A search of the sfo s iibrary was sooducuid so foerudy eiones identified as 

> i > ^ K v N< l v \.,IUU ihs IK 

v * . t -* i , an ^ t 
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from o brain HuouudY- screening of the cONA ub.ru ry kientbled Ove „ i u 
cioo^vMo^hoe >r \ couiauxua . ">N \ u;ianeo kinuUli' 

t idu ^irpUe;- ^ ^ v ^ vi i ^ \ <, U v, X. She i n Kti 
known calcium channei • • -subunhs. By similar rnefnssds. homologous human 

tim~ vi o>a r n \ , , , * \ \ : t - s , , > u , v At u . n 1 

partially > , i ^ una ahenaaely t < vv variants were ! > ta ! The deduced 

t 1>\ 1 > vv! , - ^ V ! " , > 

10 aw . .jv t\v \ - \ a ! si ! v d- ! -8. 

A \u 1 ! ■ h iK- cucmm Jmo*icI f coned i v\ \ » ->l.xua1 t-y i a 

liMllhlO ^ ' U UU \i ui V i k.h 

>lK ^ ' v ,\ a 1 \ 1 [1M ,1 )) tl Jv^vK 

i ! av ilH uj\a ^ o: tu:t es ^ v f > N < x 1 a t s<> 

.15 \ ! ; v ' ^ > k i s 

bin a)\ u i » ; \ h i ) > i s< > > 1 «. ( mi 

I < H' « 4ui a ti a n < >. v v a t u scivxn > \ 

thua scui; s - 5 . . * ^ > m s ri 

a - v i v v. d ' a ^ t;ic li I 

20 J < I f , ! > i 1 s < > v ^ > K ' 

at d !_ actively 

l\ad>i < nd > I no J ^ n uoi »^ i o v v a > * * > 

U 0 h > > ! » M 0 O ! i 'n t . > 

i ! ' !i Ki» 

UUil 'i ivi 5. M i./i > ! , . - ^ U> > llv IK 

idea dud to the adE dona 

sa ■> < ^ \ \ ^ i ! v i a 

v al'cherged n;:hdi.<es, prut icubrly > the S4 t s u \ - consistent, with the 

.?{) uic at Uk i H s ^ 5 Uo^ vo oHhc 

» an ! * - s< v t ! v. < v' , <. , > v > a r 

a ix Mi .ud 

H i'H ! s p s s !\ v. t a a - f 

^ ' ,m s s r > ^ x < - , ' i > \ ? 

J-5 O N \< > > s n s sU\" U'Oj |< 

! i it- o ( ions 
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lids v fee! s b > v is iIk 
cloned -a 1G. a 1 11 sod g.U proteins 

HI \ d iV ^ „ a < , v o x ,,k, % i k v i ^ vH s f 
5 i , h ,wu! alii ci)\ V (SI Q ID V » 9* «v me rat »xiK1>\ \ U ID 

NO 11) \^ \ m v s v ' 5 

ivn v\ eu. /> « * > % * " ! 2* s ' 

' > '< * i ( A ^ i^f, ! < Km J v Mas v 

0 t , )i 15 H^usUuv v to V « 1 :R sVih, , OPUavP * S d K I I 1 ) 

10 v«n> «k\ «. i v i , !^ < ! i i 

Sumvmg clones, were expanded < assayed for ekrcrrophvrdologicai activity 
•e dopamine the po.on e - ! cp io:k> endes She ^o eh.at e A'-oe\ oA! current were 
u i K * t e » « \ " » 

\ i > \ moo ooj pi 1 \MP «, V , . Dale * l e dp o_ tu e doll/ «, r> 1 so ,t 
/o S > H > ,< . \> I e i s 

were < k o j si i A ~ I o ^ t ! } s < t « \\ ; i u s ^ s S >x n >w < - Ine , 
Saraso H s t AoeXd ! - l AS sn h e Juh pes i s r soPuouei 
CA., N<<\ 'H 4 V, A f A ! " N( 2> : - 1 odAniep. '33 m\? 

CsG 7 ■ sn-\i CsSiA 10 mM MgCk 0J xxM BGIA. 10 j«M Hfc'PES. pll adjuMecl us 
22 ! c oH S'h v\ i i swedes ^ > » ot io'whe 1 40 mM NaCl (s 

m\l K« , f ' «i >irAitUu „ -lAUidlS oil"- heavodin 
loo < v Ml PAS o v i (- 1 AA s ) \ 

i , Oe ol 1 'oV v d ^ ! > 

* x H ^ f OS I * v o J* 

25 ps o -• \ < > . J m om, ) i 

>m< ji t f t v » s d » jii 

- < e o ■ -HO snV } 

Ki t Kn i ^ ' k <} ^ ,0 s \p ^ 0 0 < Kvl 0^h<, 1 

sine, which is a measure of current density normalizing for edi ske. Osie clone (#N2) 
30 eopreased She « x proieo! orsd has o eufreni derssuy of 42 pA/pF. Arsocher elope 
^ o < s ^ v v , v v d ^ > p \ ^1 

1 - o. , , P On ,\ 0v v \ po > n \N.eenCPt 

densities p*f 4(? < d * pA/pfd and 5$ pA'pfd respeodvely 
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If: 

iK 1 i. of cells.. The a bb. x It mi all proteins were produced in Xsnopus 
Lc\ > « \ x> h : -:;n\~ \ )\ \ -ecx x- .^iw vs . l\ o , c, xe x xk: - i! > 
transcribing the coding seqxences />; v/xo by sxmdard methods. Oocytes were then 
injected > he ,.,exx J 

Figures 2A-2E depict data obtained i these experiments using J injected 
vVlO i hill gt.ee 5 \T ! > i 

These data indicate den cods expressing axG. xeilb and all exhibit Txype calcium 

Cu-ient wli , rv x v. oped i ^ i n th o H > i I M 

V i s > s v > s > v. i ; « NN > ex \eh>h<) 

Ikv i ? , t,\v;i!..\ ii * ,> 5 . . e. n v o 

\ U < SO l t i * V 

{ ^ * I -i \ \ * U ! \ » \ U O A Xv. ' 

n \ -i ! > i ( 

mV X ,4 m\b n-Tb 

"! < < ?,<? ^ »» 

05 lb" X i -b i 00 v ! V \ XM 1 ' "O v < 

ro\ , ,u d d < h> 1 to < s i \SvJ o o u o : \>, v.her > , \< s \ t m>.mos 

v \^4«!«\! \ \> 'M. 1,>U 4 d lib |UV! ^ v <. « i ^> {liX't U 

M.tKU.t ^ ,i „ X\ I , ' " " ' 

1 i >k t S < ^ s V ^ 

id m. « u . :e 'X > ^ oilb t » -e ^ \ » o '5Cd 
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This exantpie derrioriSirfOes ! the eiotxed pixadve T-type cxiciism channels 
e x o: s ;\, , x d cuvt ; 

t n - < s j v. , 5 v „ n 

^ ! > m\ s =u- %ohe,ex e u\x i csdbs trxprtr^ng 

* u Xe..xMev- ,HI eelbx. and I Lk b>-^ > m v n nxessured at 

v v ^ <. v> < M J N ^ < Xi t ^ , o » , 5 nub , 

"HI h ( ' < 1 tic- 
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5. \ dlSCSC; - v V- C ;.ig5, -g C : CSTta.. t ^ „ ! < X \ • ; i -. tV >. >>t > 

tab u.fib sdd;u-s ■aid. v v neees-nek k a -h-: kd vu t , e.^h >i J 
v. t >v ' v. e kao :e;: a:ose > ::: • rod *- > < s % tk 

nna^ame pokacna torn about HO ok\ o. - hn -nY n-. a ! or-, h a Tan urn 
u> ^ in < i < \ 



b \ \TT 5 • 

X i. ! i \ 

Mcasukineni eh < <. j \ v. e tou 

probability cTcharavei opening at negative potentials oTe.n iht dnvbiy force n large. 

I t S t * > v < til 

currents to enhance elaasnel opening at regouoav potentials. Single channels were 
i> - > % ' \M s. i\ln l\ 

I i t I s n S > < u k \ i o> ♦ 

> Data were anal) edwi $ TRANSIT (\ nO >a S«» < b 1303-15 

! - > f > > ^O « v. a i v< SU «» f . \ K ^ w t 

n> e i i 'ib in i iMii'^v^u s 

t on lis * j if i u t i f i i tt i v <.Mf 

soman a j i 9 pS danniel, These (t 1 >. > s ^ * <. \ can be distinguished by 

IK " hi i i ^ s ( S ('1 O! ioki f *> cs \ bSKI 

euhocee.s ^ . i» s{ .cK s ^ to 0 ' p \ i «i u * . U<»" .such f. ^ 
! i k n ,v <. , < i ^ sv » k 

oocytes lesteb, 

1 ! o i da a n a j h opes \ ' Ma 't 

eh potential and plotted against each test potential. Ssoele channel currents for 

the \i. 1 legioiiajR ee: ihe su;g luniklo. Uvktaik 1 he a've;e.pc slope 
conductance of the 1 channel veas measured at 7.5 s IT py. t i corresponds 
! \ s t x ^ ». ,f Si , 

> N ! ! \ > t i u > \ 1 \ < 

pS). 5 ^ s v f , f c , M < s > o S v. v < < v sen e 

tvvo dbnrset asnphiceies 1 ho ; oeee^ t;ai,.e to; fee sesc: ,::oo;e u ne oil or ; e;nnns was 
u :ct <• N ^ t -i ' \ . i\ - N >< HA 

± 03 pS) 

s >r t s d < ' < e „ O) ee < s oli e u 1 o o l h 
I H a „L v i n r > \u sv 4 
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F.XAMH } 0 

for KiCivmx i>ic o. droe ^h'd s v 1 -p p.- ^cae cl rnnek 
^ k w < , 

*• \i.opv i p < ■> ■>< „ ! . i \ h 

expressing > O, Cells cxprcoons either o i G or a.; H ^ sirnilajpv treated nsote 

) M( » < <. v ! C 05 

\U ur do !fbu\ t Oh., >ul e , o; ! t t s 

^ ! U, Uv ) N t. \ OH J, u p< v i! < ! * 1 I i I .< 

v\hLdo } v ino'! ( > e <> t\ •> > h ^u\up«j«a 
embot moms will be obvio J of pi my skill in th rt that variations nt 
! ut ? -> i -\ t v s ! M v u 1 1! k i t> on m 

be pr.u n-..ed vthe>v\e o 'lum is spe,vb >\- - opvd heroin A<o oubnpp,. ibn 
invenuon inch i c cnmp ed wbshh > p cope rhe 

invention as debased by me following claims:. 
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V ■• , • . I , STCd P. 

i , \ v f ' ! 

comprising at least one domain of a 'I -type cakn;m channel a siibtmil, 

2. \ n v. v. . ,. < . c •) ^ a v * 

type c icium cht 

3. lie ih!,! v . o t - , v m < 1 Hf 

NO: 13. 



exhibits a i current of iron:: aboul i s :o Chocs' 10 s iobovkne rc-pokozabon to a 
i .n 1 \, s s 1 ; o 5 s s i i i at i . 

uo.u^U an » o > > > v ho,* m i { 

6. S M< S <■ <i s * 1 , „ ? Oi mJ 

v. v t AO - , vOV U v > t> • « i N p 4 - ! V. f< il 

^ob.. N m! s 'Ooi,0' : uoo >< jhout HHkroM. 

In An 00 .400 o; x Os v u N b p s t>o rmk-oe *a 0* « > > < \ So bv k>0 6.0 
acid of any of claims 1 -6. 

8, \m o *\ ooi! HI u t t » .0 v. o ' <0 i 'o 'i i noku 
acid o.r claim 7 

9. i'i< uu i i vl v, , <. b l f ! as <>o 
domain os a ! -type vckmiu <.km-in4 >.< suhunst. 

H \a > o <>„ s 1 o i een odt -,.es 

protem. 

> v. v. N 1 <. > i , V V U V 

kb \ popnkbon of nebs consnunc easenbaby of ccbs according to any of 
claims 1 143. 

claims Ilka 

wo i w - 1 i a 

op,M M , , n one powntkl 
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17 The method tfcMm I'6. wherein said calcium Urn k assayed bp using a 
v <. ->cn> < u- wi Id «. 

oc i H . ^ f v e^a | - _ ;l < ^ ^ <s o >. r 

i° } V -V * !0 ' i - O > V ^ ! v ^ •*!< 

NO: 13, 

20, A v IS 

epitoritt o;i a T-avpe cakaitrn channel protein. 

\i Cs i x iM- - > - 5 i. v o f 
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Figure 2A 
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Figure 3B 
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Repolarization Potential (rnV) 
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Ayr Git 
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SAGS 433 43G 

etc age age eca gea eea etc ggg get eat gay are eag sox: aye age 

Lea 3Ga Pear Ala Pro ;,s\; G ;.y Gly Gin Gig "G A Gle 3?:* ver Gee 

; Hvi 470 47a 483: 
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